Objective: Along with impaired discrimination, patients with Alzheimer's disease (AD) often show an abnormally liberal response bias (greater tendency to respond "old"). Previously we matched discrimination by varying study-test list length and found that participants' usual bias is maintained, such that patients with AD were more liberal than healthy controls. However, this pattern could be a result of the way in which discrimination was matched. In this experiment, we examined whether matching discrimination with the use of a delay would lead to a liberal response bias in healthy younger and older adults as it might lead to the use of more similar memorial processing to the patients with AD. Method: Younger adults, older adults, and patients with AD were run in two study-test sessions, with study and recognition test separated by either a one-minute or one-day delay. Results: With the one-minute delay, both younger adults and healthy older adults showed a conservative response bias, while patients with AD showed a liberal response bias. When discrimination was matched between patients with AD and controls by the use of a delay, response bias was also matched, with all participants showing a more liberal response bias. Conclusions: The current study suggests that how discrimination is matched between patients with AD and controls matters greatly. Potentially, this liberal bias is a result of healthy younger and older adults relying primarily on familiarity at the longer delay, thus using more similar memorial processes to patients with AD who are dependent on familiarity at any delay.
Introduction
Even more frequently than healthy older adults, patients with Alzheimer's disease (AD) suffer from distortions of memory, in addition to failing to retrieve desired information.
Although sometimes these distortions can be extreme, as in confabulation (Dalla Barba, Nedjam, & Dubois, 1999; Tallberg & Almkist, 2001) , distortions may also be more mundane and common. For example, patients who suffer only from a failure to retrieve information and cannot remember whether they have turned off the stove, can check it again. Similarly, patients who have difficulty remembering whether they have taken their medications can use organizational strategies (e.g., a pill box) to aid their memory. However, reminders and organizational strategies will be of little help for patients who falsely remember that they have turned off the stove or taken their medications, and these patients will need additional supervision.
In examining false recognition experimentally, the focus has mainly been on a specific type of false recognition which occurs when subjects falsely recognize items because they share the general meaning, idea, or gist conveyed by a collection of items (gist information or gist memory; cf., Reyna & Brainerd, 1995; Schacter, Norman, & Koutstaal, 1998) . Using a modification of the Deese/Roediger-McDermott (DRM) paradigm, Budson, Daffner, Desikan, and Schacter (2000) found that compared to healthy younger and older adults, patients with AD showed similar levels of uncorrected false recognition of semantic associates after a single studytest trial, but higher levels of false recognition across five trials. These results suggested that over the study-test trials, the patients with AD built up gist memories that led to more false alarms while the healthy younger and older adults were able to reduce their false memories with increased item-specific memory.
In addition to this gist-based false recognition, however, we and other investigators have found that patients with AD also show high levels of false recognition of unrelated items (Balota, Burgess, Cortese, & Adams, 2002; Bartok et a., 1997; Budson, Wolk, Chong, & Waring, 2006; Snodgrass & Corwin, 1988) . False alarms to unrelated items are often used as the baseline false alarm rate in recognition memory tests and are usually subtracted from the hit rate to calculate "corrected" recognition scores. Few studies, however, have specifically examined this high rate of baseline false alarms in AD. Most researchers have typically considered this high rate of baseline false alarms to non-studied unrelated items observed in AD to be a "nuisance"-something to be analytically subtracted away-rather than investigated.
One way to further examine these false alarms to unrelated items is to look at measures of response bias. Response bias quantifies the tendency to either respond in a predominantly liberal (i.e., responding "old" frequently) or conservative (i.e., responding "old" infrequently) direction.
Several studies have investigated changes in response bias with aging. Some investigations have demonstrated a more conservative response bias with age (although only at highest education levels; Marcuie & Baracat, 2000) , while others have found that in older participants, increasing age correlated with increasing liberal response bias (Huh, Kramer, Gazzaley, & Delis, 2006) .
Whereas findings with healthy older adults have been mixed, many studies have found that patients with AD demonstrate a significant liberal response bias (Balota et al., 2002; Bartok et al., 1997; Snodgrass & Corwin, 1988 ).
An outstanding question was whether this liberal response bias in patients with AD was simply a result of their poor discrimination. Response bias and discrimination performance in patients with AD was dissociated in a study that equated discrimination levels between patients with AD and healthy older controls (Budson et al., 2006) . In this study, discrimination was equated by presenting study-test lists of increasing length. When healthy older adults studied 160 words and then were tested on 320 words (160 old, 160 new), their discrimination did not significantly differ from patients with AD when they studied 10 words and were tested on 20 words (10 old, 10 new). At this discrimination level, the patients with AD showed a liberal response bias while the healthy older adults showed a conservative response bias. The healthy older adults still showed a conservative response bias even with poor discrimination. Importantly, response bias remained constant across the discrimination levels for both patients with AD and the older controls indicating that while list length had a significant effect on discrimination, it was not related to bias. Following up on the results of Budson et al. (2006) , Beth, Waring, Budson, & Ally (2009) examined whether improving discrimination by using pictures as stimuli would result in a more conservative response bias for the patients with AD. Although the patients' discrimination was better for the pictures than for the words, their bias remained equally liberal for words and pictures.
Although we found that changes in study-test list length and stimulus type did not alter response bias, it is still unclear whether other ways of matching performance, such as a delay, would lead to different results. Giovanello and Verfaellie (2001) suggested that it was essential to consider the method of matching performance between patient groups and healthy controls. In their experiments, they matched recognition between a group of patients with amnesia (mixed etiology) and healthy controls in order to examine differences in free recall performance.
Recognition performance was matched either by providing the amnesic patients with additional study time or by testing healthy controls after a long delay. They found that free recall performance differed depending on the method of matching recognition. The healthy older controls performed more similarly to the patients with amnesia after the long delay and it was proposed that after this delay the controls were relying on memorial processes more similar to the patient group. Similar to free recall performance, response bias might be influenced by the type of memorial processes used by controls and, thus, a delay might result in different patterns of response bias than manipulating list length or stimulus type.
An important issue is whether the method of matching discrimination between the groups could change the response bias patterns. In the current experiment, we explored whether matching discrimination between patients with AD and healthy older controls using a delay between study and test would show the same response bias differences between groups as when manipulating list length. To investigate this question, participants were given two study-test sessions with the study and test phases separated by either a short (one minute) or long (one day) delay. Discrimination performance and response bias was compared between the two delay conditions. We predicted that at the short delay healthy younger and older adults would show a more conservative response bias than patients with AD, consistent with prior work. Potentially a delay between study and test will force healthy younger and older adults to rely on more similar memorial processes as the patients with AD and thus show a similar liberal response bias at the long delay.
Method

Participants
Sixteen healthy younger adults (5 male), 16 healthy older adults (5 male), and 12 patients (9 male) with a clinical diagnosis of probable AD were recruited for this study. Healthy younger and older adults were recruited from online and community postings in the Boston area. In addition, some of the healthy older adults were also spouses and friends (but not blood relatives) of the AD patients who participated in the study. Patients with probable mild AD met criteria described by the National Institute of Neurological and Communicative Disorders and StrokeAlzheimer's Disease and Related Disorders Association (McKahn et al., 1984) and were recruited from the Boston University Alzheimer's Disease Center (BU ADC). These patients were each assessed and diagnosed by a neurologist and neuropsychologist and were otherwise healthy. Participants were screened for clinically significant depression, alcohol or drug use, past stroke, traumatic brain injury, or other neurologic disorder. All participants were native English speakers and had normal or corrected to normal vision. The study was approved by the human studies committees of the Edith Nourse Rogers Memorial Veterans Hospital, Bedford, MA, and Boston University, Boston, MA. Written informed consents were obtained from all participants and from their caregivers when appropriate. Participants were paid $10/hour for their participation.
The healthy older adults and patients with AD completed a brief neuropsychological battery in a 45-minute session either directly following the experimental session or on a separate date.
This battery included the MMSE (Folstein, Folstein, & McHugh, 1975) , CERAD Word List Memory Test (Morris et al., 1989) , Trail Making Test Part B (Adjutant General's Office, 1944), Verbal fluency to letters and categories (Monsch et al., 1992) , and the short form Boston Naming Test (Mack, Freed, Williams, & Henderson, 1992 
Materials
The stimuli were 640 words, three to eight letters in length with Kucera-Francis frequencies between 10-700, generated from the University of Western Australia MRC Psycholinguistic Database (http://www.psy.uwa.edu.au/MRCDataBase/uwa.mrc.htm). The words were then divided into four lists of 160 counterbalanced by word length and frequency. These four lists were used as study and test lists for the short delay (one minute) and long delay (one day) conditions. Assignment of lists to experimental conditions was counterbalanced across participants. Words were presented in 40 point Chicago font in the center of the screen at both study and test.
Procedure
The experiment consisted of two sessions on consecutive days. Each participant completed two study-test blocks: one block separated by a short delay (one minute) and one block separated by a long delay (one day). For half of the participants, the first session consisted of a study phase immediately followed by a test phase after a one-minute delay and then concluding with a second study phase. After a one-day delay, the second session consisted of the second test phase. For the other half of the participants, the first session consisted only of a study phase. In the second session (after one day), these participants completed the first test phase, then a second study phase followed by a second test phase after a one-minute delay.
Each study phase consisted of 160 words and each test phase consisted of 320 words (half studied, half new). Because response bias values (C) become more constrained with increasing performance (Snodgrass & Corwin, 1988) , we wanted to assure that our ability to determine response bias in healthy subjects including young adults was not hampered by near ceiling performance. There was no stimuli overlap between the two study-test blocks. In the study phases, each word was presented for 2500 ms with a 400 ms interstimulus interval.
Participants were instructed to read each word aloud and to remember them for a subsequent memory test. For the short delay condition, participants worked on a number search for one minute after completing the study phase. In the test phases, participants were instructed to respond "old" if the word had been presented before or "new" if the word had not been presented previously. The test word remained on the screen until participants responded.
Results
In all analyses, younger adults and older adults were compared to examine the effects of aging and then the older adults were compared to the patients with AD to examine the effects of disease.
Hits and false alarms Younger adults versus older adults.
A repeated-measures ANOVA was conducted using between-subjects factors of group (younger versus older adults) and test order (short first versus long first) and a within-subjects factor of delay condition (short versus long) for hit rates. This analysis resulted in no significant main effects or interactions.
An analogous repeated-measures ANOVA was conducted for false alarm rates.
Participants demonstrated a main effect of delay (F(1,28) = 53.72, p < .001,  2 = .657) with no interaction with group. Both younger and older adults made more false alarms after the long delay than the short delay (see Figure 1 ). There was also a main effect of test order (F(1,28) = 4.50, p < .05,  2 = .138) which was a result of a higher false alarm rate when the long delay condition was first (40.3%) than when the short delay condition was first (31.3%). Importantly, this main effect did not interact with delay or group.
Older adults and AD patients.
A repeated-measures ANOVA was conducted using between-subjects factors of group (older versus patients with AD) and test order (short first versus long first) and a within-subjects factor of delay condition (short versus long) for hit rates. 
d' data Younger adults versus older adults.
A repeated-measures ANOVA was conducted using between-subjects factors of group (younger versus older adults) and test order (short first versus long first) and within-subjects factor of delay condition (short versus long) examining discrimination (d'). Participants demonstrated a main effect of delay (F(1,28) = 62.44, p < .001,  2 = .69) but this did not interact with group or test order (see Figure 2a) . Both younger and older adults performed better after the short delay than after the long delay.
Older adults and AD patients.
A repeated-measures ANOVA was conducted using between-subjects factors of group (older versus patients with AD) and test order (short first versus long first) and a within-subjects factor of delay condition (short versus long) examining discrimination (d'). Participants demonstrated decreased discrimination after the longer delay (F(1,24) = 94.91, p < .001,  2 = .798) which also showed an interaction with group (F(1,24) = 4.72, p < .05,  2 = .164; see Figure 2a ). This interaction is likely due to the fact that while the difference between delays were significant for both groups (OC: t(15) = 8.08, p < .001; AD: t(11) = 7.32, p < .001), the decrease in discrimination at the longer delay was larger for the healthy older controls (average d' difference = .60) than for AD (average d' difference = .38, t(26) = 2.29, p < .05). Importantly, there was no difference in discrimination between the healthy older controls at the short delay (d' = .36) and the patients with AD at the long delay (d' = .43; t(26) < 1, ns).
C data Younger adults versus older adults.
A repeated-measures ANOVA was conducted using between-subjects factors of group (younger versus older adults) and test order (short first versus long first) and a within-subjects factor of delay condition (short versus long) examining response bias (C). Participants demonstrated a main effect of delay (F(1,28) = 15.53, p < .01,  2 = .357) indicating that response bias became more liberal with the delay but this did not interact with group or test order (see Figure 2b ).
Older adults and AD patients.
A repeated-measures ANOVA was conducted using between-subjects factors of group (older versus patients with AD) and test order (short first versus long first) and within-subjects factor of delay condition (short versus long) examining response bias (C). Participants demonstrated a marginal main effect of delay (F(1,24) = 3.67, p < .07,  2 = .133) which did show a significant interaction with group (F(1,24) = 4.43, p < .05,  2 = .156; see Figure 2b ). Additional analyses were performed to further characterize the interactions between delay and participant group.
Older adults showed a shift to a more liberal response bias with the long delay (t(15) = 2.93, p < .05) while the patients with AD remained liberal at both delays (t(11) < 1, ns). When discrimination was matched (comparing the short delay performance for the patients with AD to the long delay performance of the healthy controls), response bias was also matched between the two groups (AD: C = -.07, OC: C = -.06; t(26) < 0.1, ns).
_______________________ Insert Figure 2 here _______________________
Discussion
Supporting our initial predictions, we found that healthy younger and older adults showed a more liberal response bias with a longer study-test delay, similar to the patients with AD, who remained consistently liberal. Although the hit rates did not differ drastically across the delay or between groups, the false alarm rates for healthy younger and older adults increased with the long delay, while the patients with AD had a large false alarm rate at both delays. Healthy younger and older adults showed a lower d' at the long delay than at the short delay. The patients with AD also showed a decrease in d' at the longer delay, but not as large a decrease as for the healthy older adults potentially because patients were impaired at both delays.
Unlike our prior study that matched discrimination by varying study-test list length (Budson et al., 2006) , when discrimination was matched between patients with AD and healthy controls by inserting a study-test delay, both groups showed a liberal response bias. Our results therefore suggest that the method used to match discrimination performance can influence the memorial processes used and that the results of using different methods can be informative in understanding underlying mechanisms of memory and response bias in various populations.
Our results are consistent with prior studies that examined criterion shifting across differing delays in younger adults (Singer & Wixted, 2006; Singer, Gagnon, & Richards, 2002) .
In Singer and Wixted (2006) , no criterion shifts were found between items studied immediately before the test and items studied 20-40 minutes before, but participants shifted to a more liberal response bias for items studied 2-days before. Singer and Wixted proposed that a single process could underlie this effect as participants are forced to rely on weaker memory traces with a longer delay. They also suggested that at the longer delay, healthy younger adults are aware that their memory is not as reliable as at the shorter delay and consciously adjust their criterion accordingly.
Although a single process theory could explain our results, they could also be explained by dual process theory, which suggests that two independent processes contribute to accurate recognition decisions: recollection and familiarity (Jacoby & Dallas, 1981; Yonelinas, 2002) .
Recollection is specific recall of an event/item that brings to mind particular details. Familiarity is a more general sense of having encountered an event or item before without recall of the specific context. Prior research suggests that a longer delay reduces recollection and thus memorial judgments in this test phase may be based more on familiarity (Gardiner & Java, 1991; Hockley & Consoli, 1999; Yonelinas, 2002) . Since recollection is severely impaired in patients with AD, they are forced to rely mainly on familiarity (Balota et al., 2002; Budson et al., 2000; Gallo, Sullivan, Daffner, Schacter, & Budson, 2004; Knight, 1998; Koivisto, Portin, Seinela, & Rinne, 1998; Smith & Knight, 2002; Wolk et al., 2005; Wolk, Dunfee, et al., 2011) . While familiarity is not entirely spared in patients with AD, it is better preserved than recollection (Ally, Gold, & Budson, 2009; Ally, McKeever, Waring, & Budson, 2009; Westerberg et al., 2006) . This reliance on familiarity may contribute to the abnormally liberal response bias shown by AD patients. By introducing a day delay, we potentially caused increased reliance upon familiarity that in turn may have led to a more liberal response bias in younger and older adults-forcing them to use memorial processes resembling those of the patients at any delay.
If our hypotheses are correct, the results of the present study suggest that relying on familiarity alone may lead to a more liberal response bias than if memorial judgments are based on both recollection and familiarity. After a short delay, younger and older adults with no memory impairments will likely rely more on recollection to make memorial judgments and may show a conservative bias. For example, if you vividly remember studying the word "cat" because you recall thinking of your own cat and also the word that came after it in the list, then you are experiencing strong feelings of recollection. If this subjective sense of recollection occurs for several items, then you might demand this type of recollection for each item before responding old. When memory strength is weaker and judgments are no longer based on recollection, then these judgments are likely determined by the familiarity strength (Yonelinas, 2002) . When memorial decisions are based more on familiarity than recollection, such as after a long delay, you may show a liberal response bias since you are not experiencing strong recollection for many items. If you do not experience the sense of vivid recollection (as when you saw the word "cat" at the short delay) for many test items, then you might endorse items as old based on less evidence. For example, you might be more likely to respond old to "coffee"
because it is familiar to you even though you are not certain whether the feeling of familiarity is present because you studied it previously or because you had a cup this morning. Thus, manipulations such as list length and delay might not lead to the same memorial expectations.
Although increasing list length boosts difficulty, healthy older adults are likely still relying on recollection (along with the use of some familiarity) to make recognition decisions and are thus relying on different memorial processes than those available to the patients with AD that may result in a more conservative response bias. After a delay, healthy participants may not expect to rely on the same memorial processes as they did after one minute and thus may rely more on familiarity than recollection (similar to patients with AD) resulting in a more liberal response bias. These ideas are consistent with Hudon, Belleville, and Gauthier (2009) who used a Remember-Know paradigm (similar but not identical to asking for Recollection versus Familiarity judgments) and found that all groups were more conservative for "remember" than "know" responses, and patients with AD were more liberal than both healthy older adults and patients with mild cognitive impairment in their response bias for "know" responses.
One potential objection to the argument above is that patients with medial temporal amnesia due to other causes-despite their dependence upon familiarity-typically do not show an abnormally liberal response bias (Snodgrass & Corwin, 1988) . But, unlike patients with AD, amnesic patients often have an awareness of their memory impairment and potentially are cautious of attributing feelings of familiarity to prior experience (Verfaellie, Giovanello, & Keane, 2001 ). Verfaellie and colleagues showed that amnesic patients improved their discrimination when encouraged to use a more liberal criterion, likely due to an increased reliance on familiarity. When this same paradigm was used with patients with AD, both healthy older controls and patients were able to shift their response bias accordingly to the instructions (Waring, Chong, Wolk, & Budson, 2008) . Unlike the amnesic patients, the patients with AD did not show improved discrimination when encouraged to use a more liberal criterion, perhaps because they are already relying primarily on familiarity. The liberal response bias is related not to the familiarity of each item per se, but to the individual's reliance on familiarity and how that individual adjusts his or her criterion as a result of expectations. It may be that patients with AD and amnesic patients have different expectations or strategies for responding when only familiarity is available.
There are several other possible explanations for the liberal response bias observed in patients with AD but not in amnesic patients. Patients with AD have disrupted semantic networks that lead to atypical associations between items (Chan, Butters, & Salmon, 1997) that may, in turn, create a false sense of familiarity to items that are either unrelated or weakly related to the studied items.
Another possibility, one that was an original prediction of the Budson et al. (2006) study, is that the liberal response bias in patients with AD might be due to their frontal dysfunction.
Damage to the frontal lobes has been associated with high levels of false recognition (Parkin et al., 1996; Schacter, Curran, Galluccio, Milberg, & Bates, 1996) although this is not always the case (Verfaellie, Rapcsak, Keane, & Alexander, 2004) . In a prior experiment, we also found that frontal lesion patients were unable to decrease false recognition across trials in a repeated trials DRM paradigm (Budson et al., 2002) . Kramer and colleagues (2005) Delis et al., 2000) . They found that whereas hippocampal volumes were the best predictor of delayed recall and recognition, frontal volumes were the best predictor of semantic clustering and response bias. In Budson et al. (2006) , however, no significant correlations were found between response bias and measures of frontal lobe functioning. In the current experiment, we performed correlations between response bias at both short and long delays versus our frontal lobe measures (word fluency to letters and the Trailmaking Test Part B)
in patients with AD. After correction for multiple comparisons, none of the correlations reached significance. This finding replicates the lack of correlation found by Budson et al. (2006) and further suggests that impaired frontal functioning is not entirely responsible for the liberal response bias in patients with AD.
Parietal dysfunction may also contribute to the liberal response bias in patients with AD. Ally et al. (2008) and others have suggested that the parietal cortex is not essential to accurate recognition but may be involved in the subjective episodic experience (Davidson et al., 2008; Drowos, Berryhill, Andre, & Olson, 2010; Simons and Mayes, 2008; Simons, Peers, Mazuz, Berryhill, & Olson, 2010) . Neuroimaging evidence suggests the importance of the parietal cortex to response bias (Miller, Handy, Cutler, Inati, &Wolford, 2001; O'Connor, Han, & Dobbins, 2010) . Miller and colleagues (2001) found that changes in response bias were reflected in changes in activations in lateral cerebellum, lateral parietal cortex, and dorsolateral prefrontal cortex. O'Connor et al. (2010) found that regions of the inferior parietal cortex were positively correlated with an individual's response bias (and not correlated with discrimination). In fact, the posterior association cortex may be one of the earliest areas of the cortex to be affected by AD pathology (McKee et al., 2006) . Dysfunction in parietal cortex may therefore lead, in part, to the liberal response bias in patients with AD and should be further investigated.
Damage to only one area related to memory judgments does not seem to result in the same abnormal response bias as is seen in patients with AD. Patients with frontal lesions, parietal lesions, or medial temporal amnesia do not seem to consistently show an abnormally liberal response bias when compared to control populations (e.g., Davidson et al. 2008; Drowos et al., 2010; Snodgrass & Corwin, 1988; Verfaellie et al., 2001; Verfaellie et al., 2004) . Thus, the liberal response bias in patients with AD might reflect a combination of factors.
Future studies could further examine reliance on familiarity and recollection and the effect on response bias. For example, using a remember/know paradigm in combination with different delays we would expect that patients with AD would report more "know" judgments at both delays while the healthy younger and older adults might only show this pattern at the longer delay. Examining neural correlates would provide insight into the specific brain regions (and by inference, processes) that are active across the delay and further evaluate the claim that after a one-day delay the healthy younger and older adults are using more similar memorial processes to the patients with AD. These studies would also help investigate differences between healthy younger versus older adults. Interestingly, we found no differences in response bias between these groups despite older adults having previously shown differences in response bias (Macruie & Baracat, 2000; Huh et al., 2006) , recollection and familiarity (Yonelinas, 2002) , and deterioration of brain areas related to response bias (Raz & Rodrigue, 2006) .
In summary, the current study suggests that how discrimination is matched between patients with AD and controls matters greatly. If matching is achieved by manipulating studytest list length, subjects' usual bias is maintained, such that patients with AD are more liberal than healthy controls. If discrimination is matched by the use of a delay, response bias is also matched with all participants showing a more liberal response bias. Potentially, this liberal bias is a result of healthy younger and older adults relying primarily on familiarity at the longer delay, thus using more similar memorial processes to patients with AD who are dependent on familiarity at any delay. In addition to helping us to understand the cognitive neuropsychology of patients with AD, we have also proposed a potential relationship between response bias and the memorial processes of recollection and familiarity in healthy memory, and speculated possible cortical regions important for this relationship. Future studies will be able to prove or disprove these hypotheses. In better understanding the underlying cause of the liberal response bias in patients with AD, we have helped to elucidate the underlying cause of their false memories, which in turn may lead to the development of methods to reduce these false memories, allowing patients with mild AD to require less supervision and live more independent lives. 
